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E
nd-stage renal disease (ESRD) has become an epidemic during the last 30 years; the number of cases in the United States is now more than 400,000, with incidence of approximately 100,000 new cases per year. 1 The economic and personal costs of ESRD have prompted investigation of earlier stages of chronic kidney disease (CKD). CKD is associated not only with progression to kidney failure, but also with cardiovascular disease morbidity and mortality. 2, 3 Recent estimates reported early CKD (stages 1 to 4) prevalence to be as high as 11% in the general population, and it is described as a silent epidemic in the United States. [4] [5] [6] [7] [8] [9] [10] The social determinants of CKD have received little attention, and no study has investigated the role of socioeconomic circumstances during the entire life course in the development of CKD. 11, 12 Most work on the social determinants of kidney disease in the United States focused on the role of African-American race. 12, 13 Racial identity reflects a complex interaction of genetics, geographic origin, skin color, cultural ancestry, and socioeconomic conditions. Although racial differences in disease rates led some to search for genetic explanations, socioeconomic differences by race are more likely to provide explanation for disparities between populations. 14 The measure of social position used in most epidemiological studies is a form of continuous socioeconomic status (SES), such as education level and income. Epidemiological studies rarely assessed social class, defined as the place individuals occupy in power or authority relationships in the workplace. [15] [16] [17] Nevertheless, social class was shown to be a powerful predictor of coronary heart disease, hypertension, cancer, and all-cause mortality. [18] [19] [20] Social class also offers a firmer theoretical underpinning for the study of social patterns of disease in populations because social class may determine such diverse characteristics as income level, education, psychosocial stress, and health behaviors, habits, and lifestyle. 17, 21, 22 It is argued that social class is superior to continuous SES measures because class uses power relationships to explain how inequalities are generated and maintained. 17, 23, 24 In addition to class membership, individuals are embedded in geographic and historical contexts. 25, 26 Adverse social conditions measured at the census-tract level were associated with diverse outcomes, including coronary heart disease, 27 low birth weight, 28,29 and lead poisoning. 28 Socioeconomic life-course research extends context by examining social conditions during a lifetime. 30, 31 Researchers, including Barker, 32 argued that there are critical periods early in human development in which risk of adult disease may be acquired. We investigate whether individual social class, education level, or area-level socioeconomic resources in childhood and adulthood are associated with increased risk of adult kidney disease. We further assess the extent to which diabetes and hypertension account for any associations observed.
METHODS
Subjects were members of the Life Course Socioeconomic Status (LCSES) ancillary study of the Atherosclerosis Risk in Communities (ARIC) Study. Details of the ARIC Study were published elsewhere. 33 Briefly, the ARIC Study is a longitudinal cohort study of 15,792 white and AfricanAmerican men and women residing in 4 communities: Jackson, MS; Forsyth County, NC; the suburbs of Minneapolis, MN; and Washington County, MD. 33 At the time of recruitment (1987 through 1989), subjects ranged in age from 45 to 64 years. After a baseline visit, 3 more examinations were conducted, at 3-year intervals.
Serum creatinine measures were obtained from 15,715 subjects during at least 1 of 3 visits. Follow-up information for hospital discharge diagnoses also was obtained and confirmed through 2002.
The LCSES was designed as a retrospective cohort. This study was approved by the University of North Carolina Institutional Review Board. During the 2001 annual follow-up interview, subjects were asked questions about their own SES at ages 30, 40, and 50 years and parental SES at age 10 years. Participants also reported the addresses at which they had lived at ages 10, 30, 40, and 50 years. These addresses were geocoded and placed in the appropriate census tract. At age 10, county was used instead of census tract because few areas of the United States were tracted at that time. The accuracy and repeatability of this geocoding process were reported.
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There were 12,716 subjects who answered the LCSES questionnaires. Exclusions because of insufficient numbers were made for participants who were neither white nor African American (n ϭ 35); for African Americans living in Minneapolis (n ϭ 13) or Washington County, MD (n ϭ 26); and for those missing at least 1 serum creatinine measure (n ϭ 11). The final analysis used data from 12,631 participants.
Individual Socioeconomic Position
Individual social class for a subject at ages 30, 40, and 50 years was obtained by using 5 questionnaire items: (1) "Did you complete education of college or more?" (2) "Were you self-employed?" (3) "Did you hold a managerial position?" (4) "Did you supervise the work of other employees?" and (5) "Did you participate in making decisions [at work]?" Subjects who answered "no" to all 5 questions were classified as working class; subjects who answered "yes" to at least 1 of these questions were classified as "non-working class" (the reference category). These questionnaire items were derived from Erik Olin Wright's class schema based on ownership, control, and skill level and were validated by Wright 24 and used by other health researchers, albeit infrequently. 15 Because the class status of homemakers is controversial, 35 subjects who indicated they were homemakers at any of these ages were excluded from class analyses for that period; this proportion was greatest at age 30, when 2,802 white women (54%) and 348 African-American women (18%) reported being homemakers. A similar set of questions asked of subjects, in reference to their fathers when the subjects were children, was used to classify the father's occupation as working class and non-working class. Subjects' fathers also were dichotomized as farmers or nonfarmers. Secondary analyses were conducted using only subjects' and subjects' fathers' highest education levels; subject's education was coded as 0 to 11 years (less than high school), 12 to 15 years (high school graduate), and 16ϩ years (referent; college graduate); father's education was coded as 0 to 8, 9 to 11, and 12ϩ years of education (referent).
Area-Level SES
Area-level SES was assessed by linking the geocoded historic addresses of respondents with decennial census data. Area SES variables were measured at the county level for childhood (age 10 census years : 1930, 1940, and 1950 ) and at the census tract level for ages 30, 40, and 50 (census years: 1960 to 2000). To create an overall score for arealevel SES exposure, a principal components analysis of area-level SES attributes was conducted for each decennial census. Up to 15 variables were used in the principal components analysis (depending on census year), including log median home value, log mean income level, unemployment, number of people living per room, percent high school and college educated, percent professional, and percent home ownership. z Scores were created by subtracting the mean value for a particular census variable on a given census year from the value for a particular subject's county or census tract, then dividing by the SD. The first component loadings from the principal components analysis were used to generate a weighted sum of z scores at each age. These were loaded most heavily by 4 neighborhood characteristics across all years: log household income, percent professional or managerial occupations, percent with at least a high school education, and log of mean home value. This score represents the socioeconomic resources of the neighborhood, rather than family structure components or housing characteristics.
Outcome Measure
The outcome used in these analyses was CKD, defined by either an estimated glomerular filtration rate (GFR) less than 45 36 ) or an International Classification of Diseases, Ninth Revision (ICD-9), annual hospital discharge diagnosis of CKD (see Appendix for ICD-9 codes). The most recent serum creatinine measurement available was used to estimate GFR. Serum creatinine measures were standardized to the MDRD Cleveland Clinic laboratory values indirectly by using a calibration constant of Ϫ0.24 mg/dL for visits 1 and 2 and ϩ0.18 mg/dL for visit 4.
37
Based on the work of Go et al, 38 we chose a GFR cutoff value of 45 mL/min/1.73 m 2 (0.75 mL/s/1.73 m 2 ).
Statistical Analysis
Multiple imputations were conducted to handle issues of missing data by using a Bayesian Gibbs sampling algorithm. The resulting imputations were used in all further analyses. Model specifications for the imputations are given in the Appendix.
Characteristics of the study population were examined by using mean Ϯ SD for continuous variables and proportions for categorical variables. Logistic regression was used to calculate the odds of CKD in persons who were working class members compared with those who were non-working class members at each life-course period. Similar contrasts were drawn for subject's father having been a member of the working class compared with non-working class. The arealevel measure of SES was specific to the life-course period in the model; thus, census tract at age 50 was included in models with subject's class status at age 50.
Because of clustering of subjects within census tracts, a random intercept model was chosen. This model treats each census tract or county's intercept as randomly drawn from a normal distribution. All analyses were conducted using SAS, version 9.1 (SAS Institute, Cary, NC).
Three logistic models were compared: model 1 included age at visit 1 as a covariate; model 2 included age at visit 1, sex, area SES, class, father's class, and center; and model 3 included all model 2 covariates, with the addition of diabetes and hypertension at initial ARIC visit. In model 3, adjustment is made for these potential causal intermediates to estimate the direct effect of social factors on kidney disease and measure its attenuation upon adjustment for potential mediators. Models were fit within strata of white or AfricanAmerican race. Attenuations are reported in percent reductions in the log odds and compared with age-adjusted odds ratios (ORs) unless otherwise noted. Model fit was assessed by using likelihood ratio tests comparing the Ϫ2 log likelihood estimates between fixed-effect-only versions of a simple model with age alone (model 1); a model adjusted for only the confounders age, sex, and study site (model 2); and model 2 adjusted further for diabetes and hypertension (model 3). To assess the heterogeneity of associations between SES and CKD by race, statistical interactions were assessed by including an interaction term for AfricanAmerican (versus white) race with working class or education level in models; P greater than 0.10 for the interaction term is considered statistically significant evidence for the association differing between whites and African Americans.
Sensitivity analyses explored whether particular components of social class (such as being self-employed or supervising others) were associated with kidney disease and whether there was a dose-response of decreasing risk with increasing number of social class components. To investigate sensitivity of findings to heterogeneous outcome definitions, multivariate models for social class were run using outcomes based on only GFR or only ICD-9 code. Because this population was relatively old and both CKD and lower socioeconomic position may predispose subjects to death before they could have responded to the LCSES questionnaire, analyses were repeated using subject's education level (no high school versus some high school or more), which was available for all subjects. This allows quantification of the impact of mortality, which is a competing risk that may bias results. Table 1 , whites and African Americans with CKD had higher values than noncases for body mass index, high-density lipoprotein cholesterol, and age, whereas prevalences of diabetes and hypertension were greater among cases than noncases in both race groups. Current alcohol consumption was lower in cases than noncases (all P Ͻ 0.05). Table 2 lists socioeconomic characteristics of study participants, stratified by race and CKD case status and adjusted for age. Subjects with CKD tended to have lower educational attainment and area SES scores and were more likely to have been members of the working class at each age period. Education was statistically significantly different between cases and noncases among both races. Among whites, only working class status at age 40 was related significantly to CKD; among African Americans, working class status was associated with CKD at ages 30, 40, and 50. Area SES scores diverge between whites and African Americans during subsequent decades and were related significantly to CKD for age-50 area SES among both race groups. Table 3 lists measures of association between social class and CKD. Model fit was best for model 3 at each life-course period (P Ͻ 0.001 using the likelihood ratio test) versus a model with age as the only predictor. For age 50, model 2, which included all variables in model 3 except for diabetes and hypertension, fit significantly better than a model with baseline age as the sole predictor among both whites (P ϭ 0.035) and African Americans (P ϭ 0.039). At other life-course periods, model 2 did not fit significantly better than a model with age as the sole predictor variable.
RESULTS

Prevalences of CKD
Among whites, father's social class or being a farmer does not appear to be associated with CKD. After adjusting for subjects' age, belonging to the working class at age 30 is modestly related to adult kidney disease, with 1.4 (95% confidence interval [CI], 1.0 to 2.0) times the odds of CKD as those who were not working class at age 30. Further adjustment for area SES, father's social class and farming status, study site, and sex did not appreciably attenuate this Note: Values expressed as mean Ϯ SD or percent. All nonage values are adjusted for mean age at baseline. To convert GFR in mL/min to mL/s, multiply by 0.01667; high-density lipoprotein in mg/dL to mmol/L, multiply by 0.02586.
*Cases defined as subjects with GFR rate less than 45 mL/min/1.73 m 2 at last visit and/or ICD-9 discharge diagnosis code for CKD.
relationship. Adjusting for hypertension and diabetes mellitus attenuated the age-30 social class by just 12%. Similar associations were observed for social class at ages 40 and 50. Living in the lowest tertile of census tracts was associated with CKD only for age 50; after adjustment for age, sex, study site, and individual social class, the OR was 1.6 (95% CI, 1.0 to 2.4). Further adjustment for hypertension and diabetes mellitus reduced the log-OR by 42% to 1.4 (95% CI, 0.9 to 2.2).
African Americans show a similar pattern for social class and area SES as whites. The association of social class with CKD was strongest for age 30, for which the OR is 1.9 (95% CI, 1.2 to 3.0); the association was weakest for age 50. Note: First column within each race stratum is adjusted only for age. Model 2 is multivariate model that includes age at visit 1, sex, center, paternal or subject social class measure, and area SES. A separate model is fitted for each life-course period. Models for adult social class include father's social class and father's having been a farmer. Models for father's social class or father's farming status do not include subjects' adult social class. Model 3 is model 2 plus diabetes mellitus and hypertension at visit 1. The lowest tertile of the area SES score defines low area-level SES; the reference category is the highest tertile of area SES score. Area SES score was calculated by summing z scores of area-level census attributes.
Adjusting for area SES, center, father's social class, and farming, the association between social class at age 30 and CKD was attenuated by 4.2% to 1.9 (95% CI, 1.1 to 3.0). Further adjustment for hypertension and diabetes mellitus reduced the OR by 14.7% to 1.8 (95% CI, 1.1 to 3.0). The age-adjusted OR comparing lowest with highest tertile of area SES was greatest for age 50, for which it was 1.6 (95% CI, 1.1 to 2.5). Unlike whites, African Americans whose fathers were farmers had 1.5 times the adjusted odds of CKD as those with nonfarmer fathers (95% CI, 1.0 to 2.2); the strength of association was not attenuated by adjustment for diabetes and hypertension. Table 4 lists associations of education and CKD. Not completing high school is associated with an increased odds of CKD compared with those with a college degree or more: among whites, the OR was 1.7 (95% CI, 1.2 to 2.5), and among African Americans, the OR was 1.6 (95% CI, 1.1 to 2.5). Further adjustment for area SES, center, father's education, and father being a farmer attenuated the association between education and CKD by 35% among whites and by 42% among African Americans. Adjustment for hypertension and diabetes mellitus all but eliminated the education association among both whites and African Americans.
Next, we formally tested for effect-measure modification between race and social class or education level. The only significant interaction term was between race and father having been a farmer (P ϭ 0.07). Although the association of social class and education on CKD odds appeared to be stronger among African Americans than whites, all other interaction terms were greater than P of 0.10.
Several sensitivity analyses were conducted. Analyses were repeated first by using individual components of social class from the questionnaire. No individual component was associated significantly with CKD. We also investigated a possible dose-response relationship between increasing number of working class components with CKD. Among whites, there was no dose response by number of class components. Among African Americans, values for P for trend were 0.05, 0.03, and 0.08 at ages 30, 40, and 50, respectively.
Associations using the outcome defined by only ICD-9 codes were consistent with those from the original outcome. Using only estimated GFR less than 45 mL/min/1.73 m 2 (Ͻ0.75 mL/s/ 1.73 m 2 ) as an outcome, most associations were close to the null value.
Finally, we calculated the odds of CKD associated with high school education, which was available for all subjects (including those who died or were lost to follow-up before they could complete the life-course socioeconomic questionnaire). Among whites, log-odds was 11% lower in the analysis data set than in the complete Note: First column within each race stratum is adjusted only for age. Model 2 is a multivariate model with adjusted age at visit 1, sex, area SES, father's and subject's education, and center. Model 3 is model 2 plus diabetes mellitus and hypertension at visit 1.
cohort, whereas among African Americans, log odds was attenuated by 50%.
DISCUSSION
We found that being a member of the working class was associated with CKD among the ARIC LCSES population, even at earlier stages of the adult life course. Results suggest that the strength of association between being working class and CKD is stronger among African Americans than whites. At later periods in the life course, area SES is associated with CKD. Individual education level also is associated with CKD, but adjustment for confounders and mediators reduced the strength of association. There were no associations between parental class or childhood area SES measures and CKD. Findings appear to have been driven by ICD-9 results, suggesting that the association is strongest among those with more severe illness that has come to clinical attention.
These findings are novel not only in using a life-course approach to assess the association between socioeconomic conditions and CKD, but also in our use of social class as an exposure. Most assessments of socioeconomic position use a continuous measure of SES, such as years of education or household income.
16 Class advocates, such as Wright, favor using instruments that measure relationships of authority, decision making, ownership, and skill level.
24,40 Social class, here dichotomized between those who have some degree of authority, control, ownership, or education and the working class that lacks these attributes, is robust to adjustment for multiple confounders and mediating factors. This indicates that the pathway relating social class to CKD may not operate entirely through hypertension and diabetes. Whereas education level is associated with CKD, this association is weakened after adjustment for multiple confounders. This is the first study examining the relationship of individual and contextual social conditions with CKD across the life course. Whereas most studies of social determinants of CKD focus on race, there are notable exceptions.
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Merkin et al 41 conducted an analysis focusing on area-level effects among ARIC cohort members, finding associations between low area-level SES and CKD among white men and African-American women; their analysis differed from ours in their using kidney function decline and their focus on area measures in only middle age, whereas we examined the relationship of CKD with social class and area measures across the life course. Krop 45 reported an association between poverty level and microalbuminuria in the Third National Health and Nutrition Examination Survey; as in our analysis, this association was independent of sex, race, age, diabetes, and hypertension.
Several other studies using ESRD as an outcome found results consistent with our own. Perneger et al 46 found income, Medicaid coverage, and missing teeth to be associated with ESRD in the mid-Atlantic region of the United States. Byrne et al 47 found associations among whites between area-level income and ESRD in New York State, but not among African Americans; however, their study was conducted using data from the 1980s and was stratified into 12 subpopulations, limiting power.
Our study has several limitations. First, results reported here are likely to be underestimates of the true effect of social class and area SES on CKD odds, suggested by results of sensitivity analyses comparing the LCSES and full cohorts. If social conditions are associated with CKD, subjects with adverse socioeconomic circumstances may have died before participating in the ancillary study. Another source of underestimation could be the use of county-based measures of childhood area-level SES. Census tracts are the preferred level of analysis in contextual exposures in health research, 28,48 but tracts did not cover the entire United States until the 1990 census. 49 Because the county captures regional, rather than neighborhood, information, significant misclassification of salient area-level attributes may occur. This may explain the lack of association between childhood area SES and CKD. Results also would be underestimated if social class or education level were subject to nondifferential misclassification because of imprecision in measuring social class or recall bias. Misclassification would only bias results away from the null if those with CKD: (1) knew they had CKD and (2) were more likely than those without CKD to mistakenly report adverse socioeconomic conditions. Although we do not have data for test-retest characteristics of participants, differential misclassification bias is an unlikely scenario given the low awareness of CKD in the general population. 5, 50 Second, many subjects were missing census tracts at ages 30 and 40. We used a multiple imputation technique to adjust for these missing data. The validity of the multiple imputation approach is contingent upon the data being missing at random, given a set of available information.
51, 52 We believe missingness is accounted for largely by available variables, which included race, occupation, age, and health behaviors. Analyses that include only the original nonimputed data yielded similar results from those reported here, although the former tended to be closer to the null value and lower precision.
Third, we used race-specific tertiles to define area-level SES categories. However, whites and African Americans had distinctly different arealevel scores, with little overlap; this is not surprising given the history of segregation in the United States. 53 Racial and economic segregation into low SES areas might account for some of the racial disparities in kidney disease, but we could not investigate this hypothesis using the available data.
Finally, adjustment for causal intermediates to estimate the direct effect of socioeconomic conditions on CKD is subject to limitations. By the direct effect, we mean the effect not transmitted through the effect of social factors on these other chronic conditions. 54 The unbiased estimation of the direct effect assumes there are no unmeasured confounders between these intermediates and the outcome 55 and there is no interaction between exposure and intermediates in the causation of the outcome. 56 If these assumptions hold, adjustment for diabetes and hypertension should have attenuated the estimated exposure measures. However, there was little change in ORs when a class-based definition was used, which is consistent with social class being associated with CKD independently of diabetes and hypertension.
Our study offers some implications of immediate importance. First, social class is important among both whites and African Americans; the latter group shows both a stronger association with social class and a greater absolute burden of later-stage kidney disease. Our study lends support to a focus on social factors that might account for racial disparities in CKD and ESRD. Although the association between education and CKD was largely eliminated upon adjustment for confounding and mediating attributes, the social class measures were robust to such adjustment, especially among African Americans.
In conclusion, we show that social class may be an antecedent cause of CKD and appears to be independent of more proximate causes. The mechanisms involved remain to be determined. Being a member of the working class in early adulthood is at least as harmful to the kidneys as later-life working class status; however, this association appears to be independent of hypertension and diabetes. If the association between social conditions and CKD truly is causal, amelioration of CKD disparities may require considerable political will and changes in policy. Policies that focus on individual behavior alone may not be sufficient to stem the tide of kidney disease.
APPENDIX CKD Definition Based on ICD-9 Codes
CKD defined by hospital discharge diagnoses included the following ICD-9 codes: 250.4x, 403.x, 581.x, 582.x, 583.x, 585.x, 586.x, 587.x, 588.x, v42.0, v45.1, 39.95, or 54.98 at any time through the end of 2002 (participants with ICD-9 codes for uremia, acute renal failure, and posttraumatic renal failure were excluded [codes 584.x, 788.9x, 958.5x, and 584.0x]).
Model Specifications for Multiple Imputations
Stata version 9.0 (Stata Corp, College Station, TX) user written multiple imputation programs specifying 10 iterations and 5 imputations were used. 52, 58 Predictor variables used in the imputation included father farming; working class sta-tus for father and at ages 30, 40, 50, and at last job; hypertension and diabetes status at ARIC baseline visit; sex; age; race; drinking and cigarette consumption; baseline body mass index; baseline serum high-density lipoprotein cholesterol level; ARIC study center; mother's, father's, and subject's educational attainment; and available area-level attributes and scores for childhood and ages 30, 40, and 50.
